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EFFECT OF CATATYSTS.AND pH ON STRENGIHE OF RESIN-BONDED PLYWOOD

By G. M. Kline, F. W, Reinhart, R, C. Rinker, end N. J. De Lollls
SUMMARY

The effects of various catalysts used to cure the resinous adhesives
on the strength properties of plywocod was investigated, particular:i:with
regard to the degree of acidity developed by the cataelysts in the resin
£ilm and in the plywood. The flexural, impsct, and shear strengths, both
initielly and after aging, of birch plywcods bonded with urea—formaldehyde
and phenol—formaldehyde resins definitely decrease as the aclidlity of the
plywood Increases, as evidenced by a decrease in pH. Only In the case
of plywood bonded with casein and urea—formaldehyde resins had the dete—
rioration at the bond preogressed sufficiently in the roof-sging tests to
meke 1t impossible to carry out strength tests because of delamination.

A correlation between decresase in strength on aging of plywocd bonded

with alkall-catalyzed phenolic acid and increase in alkalinity of the
panel was observed. Because of the different ebsorpticn capaclties of

the phenolic ree ns for acids and alkalies, it is not possible to pre—
dict the pH of the plywcod panel from the pH of the resin film.

The susceptibility of birch wood, itself, to attack by escids and
alkalies was determined in order better to understard the mechanism of
the deterioration of resin-bonded plywcod. A marked decrsase in strength
cccurred when the pE of the wood was lowered below 2.0. In the range
between pH 2.0 and 2.5, strong acids, such as hydrochloric and sulfuric,
had a more pronounced deteriorasting effect than week acids, such as
hypophosphorous and nitrenilic., A merked decrease in strength of the
birch also occurred when the pH wes ralsed to 8.8 by the absorption of
an alkali, tetraethanclemmonium hydroxide.

INTRODUCTION

The Increased use of resin-bonded plywood for structural parts of
alrcraft has msde 1t nscessary to determine the effect of varlous chemi—
cal properties of the resins on the strength properties of the resin
bonds. Informetion of this nature is needed to utilize the materilals
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properly 1n building satisfactcry alrcraft and to evaluate the causes of
failure. Determination of the effect of. acld and alkellne catalyste on
the strength and eging propertles of wvarious types of resin bende is one
important phase of thie work. This report presents the resulte cf en
investigation which was made to determins these reismticaships. Some of
the data obtelned in the early stages of the work were included in a
preliminary report issued in 1943 (reference 1).

The degree of acldlity or hyfrozen lcoa concentration cen conveniently
be reported as a pH value which spproximately is the logaritlm of the
recipvrocal of the gram ionic hydregen equivalents per liter; thet is,

PH = log l/H+ per liter. Water has a concentration of HE' don of 1077

and of OE~ ion of 10~ 7" moles per litsr or a pH value of T, and lsg said
to be neutral in reaction. The presence of arn acid in a water zolution
increases the concentration of hydrogen lons. Hence the concentration
of hydrogen ions in an acid solution becomes 10~ % or 1075 or greater,
and. the pH value is less than 7. The presence of an alkali in a water
solution increases the concentraticn of hydroxyl lone and decressss

that of the hydrogen ions. Herce the concentraticn of hydrogen icns in

an alkaline solution becomes 10™%, 1079 or less, and the pH value is
greater than 7. The product of the hydrcgen ion concentration and the

hydroxyl ion concentration is always equal. to 1071% in aquecue medium
at 25° C. The pE value has been usad throughout this report to Indicate
the degree of acldity of the verious specimens.

The two most commonly used types of bcnding agentes in the menufac—
ture of resin-bonded plywood are the phenol—-formsldehyde ard the urea—
formaldehyde resins. Both tynes are cured either by the "hot-set” or
the "cold-set” method. Since the demarcation bstween cold—set and hot~
gset bonding resine has not been definitely established in the industry,
the resins used in this project were clessified acccrding to the tem—
verature required to cure the resin in a commerclally practical pericd
of time, as follows:

Class R. These resins do not require a higher degree of heat
for curirg than that avallable at ordinary rocm
or factory conditions.

Cless M. These resine require a degree of heat greater than
that available at rocm or factory conditions, but
not over 160° F (71° ).

Class H, These resins require a temperature greater then
160° F (71° ¢).

In order to obteln a satisfactory degree of cure of class R and
some class M resins, it is necessary with most of the ccmmercial resing
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to use very active catalysts., One of the most active catalysis for curing
these types of resins is the hydrogsn ilon which is ususlly expressed in
texms of pH units when the concentration is less than one molar.

It is an esteblished fact that wood detsriorates repldly in acildic
media. It is also known that ursa—-formaldehyde resins are not so re—
sistant to acid conditions as are phenolic resins (see references 2 to
7). The work reported herein was designed to determins the effects ol
various catalysts and the pH of the resin bond on the strength proper—
ties of the resin-wood composite since the fallures may be in the resin,
in the wood, or in both resin and woed. It should be noted, however,
that the acid conditlons in. the resin-bonded birch panele tested are

attributable to the ingredlents In the resin—glue mixtures and not to ths
wocd or eny extrasneocus source.

This investigation, conducted at the National Bureau of Standards,
wes sponscred. by and conducted with the financial assistance of the
National Advisory Committee for Leronautics.

The authors wish to acknowledge the assistance given by Mr. B. M.
Axilrod, Miss M. C. Fordney, Mrs. M. S. Zeller, Miss D. C. Candill, and
Misgs N. W, Rucker in supplying scme of the data herein reported.

MATERTALS

A grcup of edhesives which are being used to a great extent in ths
ranufacture of resin-bonded plywcod aircraft was selected for this werk.
These included urea—fcrmaldehyde, phenol-formaldehyde, resorcinol—
formaldehyde, furane, and unsaturated polyester resins and casein. The
commercial desigrnations and the manufacturers of the resins, and the
classification of the various reains and resin-catalyst mixtures on the
basls of the temperature required for curing, are given in teble I.

Birch wcod was used in the tests because it is the type most com—
monly employed in the manufacture of alrcraft grade plyweod in this
country. Other woods were not investigated inasmuch as the primary
obJjective of the investigation was the study of deteriorative effects
characteristic of various resin-catelyst systems.

The test panels were made with sliced birch veneers cerefully se—
lected for straightness of grain and having an average thickness of 0.01
inch. The thin veneers were used to cbtain a higher resin content than
that normslly used in alrcraft plywocd. Since the acldlic conditlons re—
sult from the resin, & high resin content would be expected to megnify
the effect of the pH on the strength properties of the ccmposite.
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For the tests of. the effect cf the catalysts on the wood alcne,
gliced birch vensers 0.1 inch in thickness and speclally selected for
straightness of graln were used.

PEEFPARATION OF TEST PANELS

The reslin glues were prepared according to directions received from
the menufacturers and were applied to the birch veneers by means of roll-—
ers. This method produced resin fllms of uniform thickness ocn both sldes
of the vensers. The veneers ccated with +he class H resine were suepend-
ed from a drying rack and allowed to dry sbout 20 hours before assembling
and pressing. The veneers coaeted with the class R and class M resins
were assembled and pressed immediately after coating. Each pansl ccn~—
gisted of 8 birch veneers aerrangsd with the grain of plies 1, 3, 6, and
8 parallel to one another and with the grain of plies 2, 4, 5, and 7
perpendicular to the face plilss.

In the early stages of the investigation the test panels were pressed
gt approximately 100 pounde per sguare inch, but this produced penels var-—
¥irg considerably in thickress and denslty. In order to obtain more uni-
form panels, stops @ by 1 inch for use between the press platens were
ground to a thickness of 0.075 * 0,001 inch ard +the platens were ground
to a flatness of 0.0001 inch. A load of 10 tcne wes spplied to the
platens.

The birch veneers used in each pansl were ccndlitioned by storege

at TT° F (25° ¢) and 50 percont relative humidity, and were welghed be—
fore the resin coating was applied. The completed test panel was also
conditioned and weighed. The resin content of the test panel was then
calculated by means of the following equation:

Resin content in percent

- Weight of test panel — Weight of conditioned veneers
Weight of test panel

¥ 100

Three panel were prepared wlth each resin or resin-catalyst mixture.
The conditions used to cure the panels, the averaege denslitles, and the
average resin contents are given in table I.
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TESTING PROCEDURES

Aglng

Each test panel was cut into querters and treated as follows:
1. One quarter section was not subjected to any eging treatment.

2. One guarter section was exposed continuously in Washington,
D. C., {on the roof of the Industrial Building, National
Bureau of Standards) on racks at sn engle of 45° facing
gouth for 1 year unless otherwise noted.

3. One querter section was heated in a forced—draft oven at
176° ¥ (80° ¢) for 40 hours.
L, One quarter section was subjected to a continuous oven—fog

cyclic accelerated sging test. The cycle 1n this test
censlsted of the following:

Exposure - Relative

Pericd Temperature Bumidity
_(ar) (S F) (5 0C) (percent) Apperatus
2 TT 25 100 Fog cabinet
2 149 65 5 Forced—draft oven
2 17 25 100 Fcg cebiret
18 149 65 - 5 Forced—draft oven

The sections were exposed for a total of 200 hours in the oven and 4O
hours in the fog cabinet.

This latter test is 'a modificatlion of the accelerated weathering
test described in Federal Specification I—P—-406a, Method No. 6021, Heat—
ing in an oven at 149° F (65° C) was substituted for the irradiation un—
der the sun lamp prescribed in Method No. 6021 because the effect of the
ultraviclet light would be expected to be negligible in the breakdown
of the resin layer in plywocd. The temperature to which the specimens
are exposed is approximately 149° F (65° C) in both tests. The data
in teble II show that the decreases in flexural strength resulting from
expesure of plywood specimens to the two tests, respectively, are practi—
cally identical.
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Determination of pH

A thin f1lm of the reesins of class R and claes M was cast on glass
and allowed to dry for 20 hours at a temperature of TO° to 79° F (21° to
26° C). The resin film was then removed from the glass and ground to a
fineness of 40 mesh. Two grames of the powdered resin were suspended in
10 milliliters of distilled water and the pH of the suspension was msas-
ure by meane of a glass electrode after 15 minutes, and after 2k, 48, T2,
and 96 hours, or until the values were constant to within 0.C5 pH unit.

Filme were prepared from the class H resins by casting them upon &
glass plate, using a knife blade to remove excese resin and make the
thickness of the ceating 0.02 inch or: less. The cast films were placed
in a circulating air oven at 149° F (65° C) until exemination showed
that most of the solvent had evaporated; this process required about 4
hours except in the cese of Plaskon 107, which was cured after 3 hours

at 149° F (65° C) and was not subjected to any further heeting. This
drying was followed by a cure in the oven at 300 F (lh9 ¢) until the
£ilms were hard and brittle, the latter operation requiring about 30
minutes., The hard, brittle Films were pulverized 1in & small rock-crush-
ing mortar and passed through a 4O0-meeh screen. The pH values of ths
powdered films wore measured In the seme menner as those of the class R
and the class M films,

The acidity of the test panels was determined by grinding a
portion of the venel to 40 mesh in a Wiley mill and suspending 1 grem
of the powder in 5 milliliters of distilled water. The pH wvalues of
the water suepensions were usually constant after 48 hours.

The pH of the distilled water used in msking the resin suspensions
wes 6.3. A few of the resin films and powered panels were also suspended
in dilute hydrochloric scid solution of pH %k.5. The pH values of the
acld suspensicns ere reported In table IT and do not differ asppreclably
from those of the water suspensilons, All the pH measurements were made
at a temperature of 77° F (25° C) with a glass electrode. The measure—
ments reported are accurate to 0,05 pH unit.

Strength Properties

The test specimens for determining the strength properties were
cut from the quarter sections after the aging tgeatments The specimens
were machined end then conditicned at 77° F (25° C) and 50 percent re—
lative humidity for at least 48 hours prior to testing. All the tests
were made at T7° F (250 C) end 50 percent relative humidity.

The flexursal modulus of elasticity was measured on an Olsen Stiffness
Tester, Tour-Marshaell design. Specimens 5 inches long and 0.5 inch wide
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were cut from the panels., Two measurements wsre made on each specimen,
one on each end. The test span was 2 inches long; the total bending
moment applied to the specimen was 3 incu-pounds. The angular deflections
were plctted against the bending moments and the deflectlion at a stress

of 2500 pounds per squere inch waz determined from the curve, This stress
wea selected because the plots for all the semples were essentially
straight lines up to that stress. The secant medulug of elasticity in
Tlexure then was calculated from tle approximate expression

- a
E = £29.2 %L | (l)
De n”

whgre

E modulus‘of'elasticity in flexure
g lodd

L length of beam

D deflection, degrees

a  width of beam |

ko thickness of beam

'This expression was derived from the formula for. tke deflection of a can-
-tilever beam with a concentrated load at one end,

The. flexural strength was measured on specimens 1.0 inch long and
,0.75 inch wide cut from the panels. The specimen was supported on two
rarallel supports with a .span of S/B inch, The load was applled at the
center of the sman by a pressure piece similar to the supports. The
edges of the support pleces and of the pressure plece were rounded tc
1/8-inch radius., The teats wore mzde on a hydraulic testing machine
wlth a head spesd of 0.05 inch mer minute. The machine was accurate to 2
percent of the lowest applied load. The flexural strength or modulus of
rusture is calculated from the expression

F o 3PL_ | (2)

2 a ha

where F 1s flexural strength and the other symbols have the same sig-
nificance as in equation (1).
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The impact tests were made on sn Izod impact machine of 2 fcot—pounds
capacity., Specimens 2.5 incheslong and 0.5 inch wide were cut frcm the
panels,

The teneslle tests were made according to Methcd No. 1011 of Federal
Specification L-P-U406. Type 1 specimens were used; the wldth of the
reduced sgectlon was 0.5 inch. The tests were made on & hydraulic testing
machine with gelf-slining Templin grips. The rate of head speed was 0.05-
inch per minute.

Shear specimens 4 inches long and 0.75 inch wide were cut frcm the
panels. A groove 1/8 inch wide and extending through approximately 43
veneers was mllled on one face of the pansl parallel tc the 0.75—inch
dimension. A similar groove wes milled on the opposite face. The grocves
on the specimens used in the preliminary tests wers 1/2 inch apert, but,
since many tensile fallures were obtained, the distance between the grooves
was reduced to 1/% inch on the later specimens. The specimens were broken
on a hydraulic testling machine at a rate of lcading of 200 pounds per
square inch per minute.

Delemination

One strip 0.5 inch wide cut frcm each guarter section of each test
panel wae subjected to a delamination test. The strips were placed in

individual 3— by 20—centimeter test tubes which ccntalned dlstilled
vater previously heated to the boiling point by immersion of the tubes

in a water bath., The tubes containing the test strips were left In the
bath of boiling water for 1 hour. On removal frcm the test tubes the
gpecimens were lmmersed in water at 77° F (25° C) for 15 minutes and then
dried at 140° F (60° C) in a forced-draft oven for 22 hours. Thie pro-—
cedure conatlituted one cycle of the test. At the end of each cycle the
test epecimens were bent over a mandrel of 8-inch redius. After five
cycles the specimens were bent over a 4—inch-radius mandrel. Observations
regerding dslaemination were made.

Density

Density was determined by weighing erd measuring machined srecimens.
RESULTS OF TESTS

A preliminary investigation was made tc obitain data for use in
selecting the strength propertles to be meesursd on ell the test panels.
Six peneles were prepared with a phenol—-formaldshyde resin (Tego £ilm)
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and six with a urea—formaldehyde resin (Uformite 430 catalyzed with 10
percent axmonium chloride). These two materials were selected to deter—
mine the effects of high and low pE conditlons, respectively. Specimens
from each penel were tested uneged and after exposure to three aging
tests. The strength properties medesured in these preliminary tests werse
flexural modulus of elasticity, and flexural, Ilmpact, tensile, and shear
strengths. The changes in these strength properties as a result of ex—
posure to the aging conditions are given in table III.

On the basls of the results obtained in these preliminary tests,
the size of the test specimens required, and an analysls of the stresses
in the various tests, it was decided to employ the flexural, impact, and
shear strengths for detecting the deterioration of the resin-bonded birch
plywoods.

The detalled resulits of these tests are presented in tables IV, V
and VI and figures 5 to 12. The behavior of the materials with respect
to delamination is shown in teble VII. A summary of the effects of the
catalysts on the strength properties of the panels bonded with urea—
formaldehyde and phenol—formaldehyd.e resins is given in ta‘ble VIII.

The specific effects of various acid and basic radicals presen'b in

catalysts used with phenollc resinous adhesives in the prepara:bion of
plywood were determined in a series of tests with known compounds.

Panels were prepared with a resorcinol—formsldehyde resin (Penacolite
G-1131) to which were added verying emounts of hydrochloric, nitric,
sulfuric, phosphoric, hypophosphcorous, trichlorcacstic,benzenesulfoniec,
and nitranilic acids and sodium hydroxide. Titration curves of the
resin with these acids and base are shown in figures 1 to 3. The flexural
streng'bhs of these panels » unaged a.nd. oven—fog—aged ‘exe presented in te—
ble IX.

Similar experiments were performed with two phenol—fomaldehyde
resins. The titration curves obtained for one of these resins (Cascophan
LT-67) with the acids and base asre shown in figures 3 and L, The results
of the strength tests are given in teble X. . '

In a further series of tests to determine the specific effect of the
acid radicals present in commercial catalyste for resimous adhesives, thres
coammercial catalysts were used, respectively, wlth three phenolic resins
to prepare plywood panels. Four panels were prepared with each resin — one
without catalyst, end one with each of the three catalysts, respectlvely.
Only one of the resin—catalyst mixtures failed to cure satisfactorily atb
150° F (66° C). The flexural strengths of these penels were determined
before and after aging. The results of these testec are presented in
table XI. Date ere alsoc given in table XTI for one of the resin—
catalyst mixtures in which the catalyst percentage was varled from 5 to
45 percent.
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Propsr interpretation of the data obtained in these experiments on
the effects of varlous acld ard alkaline catalystes on the strength of
resin-bonded plyweced required information on the effects of these chemicals
on the wood itself. Accordingly, birch veneers of 0,l—inch thickness were
Immerasd for 3 days In variocus concentretions of the ssme acids end alka—
lies used in the teets with the resins. The results of flexural sirength
measurements on the conditioned wood specimens sre shown in table XII.

DISCUSSION OF EESULTS

Tests of Industrial Adhesives

Use of the various commerclel resins with thelr catalysts selected
for this investigation resulted in pH values for dirch plywood renging
from 1.7 to 8.4 (See teble I,) The ranges of pH for the test parels
made from the verlous resins were as follows: Urea—formaldehyde, 1.9
to 5.7; phenol—formaldehyde, 1.7 to 8.4; resorcinoi—formeldehyde, 4.8 to
6.3; and unsaturated polyester resins, 3.2 to 5.7.

The pH values of birch plywood were not affected by mcderate baking
or by exposure to cycles of hest and fog. This indicated that the acldic
compounds determining the pH of the compcsite did not escape readlly from
the structure or did not react with the tirch or ites deccmpositicn preducts
in such a waythat they lost their chemical identity. It would seem rea—
sonsble, therefore, to assume that the dstericraticn caused by pE would
continue untlil failure occcurred.

The results of the 240-hour oven—Pog—aging test are in qualitative
agreement with the results of the l-year roof-aging test. An analysis
of the date Indicates that no gquantitative statements can be made con—
cerning the agreement. However, the l—-year roof-agling test was usually,
but not slways, more smevere than the 24O-hour oven-fog-aging test.

The effects of pH on the strength of the plywood prepered with the
various commercial types of resins can best be reviewsd by discussing the
resins in thres groups: urea, phenollc, &nd other resins.

(a) Urea Reeins

The flexural, impsct, and shear strengths of the wres—Tormaldehyde
resin-bonded birch plywocd depended markedly on the pH of ths composite.
This is shown by the date in tables IV, V, and VI and graphically in
figures 5, 6, and 7.
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The failure of the urea~formaldehyde resin-bonded materials in the
delamination test ie also affected by the pH of the plywcod, The critical

»H value in this test appears to be between 3.8 and 4.6 for both the un-
aged and the aged specimens. :

Three of the panels with & low pH delaminated during exposure. This
indicates that the loss in strength on roof aging can be attributed to
both deteriorstion of the wood and dsterioration of the resin.

(b) Phenolic Resins

An examination of the wvalues in teble VIII for the flexurael, impact,
and shear strengths of the phenolic resin—bonded panels shows that the
presence of acid catalyst causes a decrease in these properties in the
unaged panels in every case. This decrease was noticved especially wilth
the panels prepared with the Catgbond resins 530 and 200-CZ, wherein
concentrated hydrochloric scid catalysts were used. It 1s well known
that hydrochloric acid has a decidedly deleterious effect on most woods.

No failure of the phenolic resin-bonded composites occurred in the
delaminaticn test. The unaged and leboratory—aged specimens with pE
values of 3.1 or less were brittle in the final Fflexibility teet on the

h—inch mandrel. With one exception, those with pH vaelues cf 3.6 or more
were flexible throughout thile test.

(c) Other Resins

The remaining adhesives tested, whick included resorcinol, furane,
casein, and unsaturated polyester types, produced penels of pH 3.2 or
greater, with the exception of the furane resin panel which had a pE of
2.2. These adhegives dld not undergo marked deterioration in strength
vhen subJected to the laboratory-sging tests. The pronounced reductlon
in strength which occurred under roof-sging conditions is attributable
mainly to deberioration of the uncoated wood. However, the strengths of
the roof-eged panels made with these resing were markedly Iinferilor to
those of the roof-aged. panel made with the best phenol-formaldehyde resine.
It is significant that, in the roof-aging tests conducted as part of this
investigation, only in the case of the casein and soms urea—formaldshyde
glues had the breakdcwn et the bond progressed sufficlently to meke
strength tests on the roof-aged panels impossible.

Effect of Acidic and Basic Catalysts on Strength of Plywoeod

The outstanding festurs of the experiments in which verious aclds and
alkalies were added to the resorcinol—formaldehyde end phenol-formaldehyde
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vesine (figs. 1 to 4) was thelr apparent absorption by the resin. Although
relatively large amounts of the catalysts were added to produce resin so-—
lutions of low pH, the resin films ard plywood panels hed pH values con—
silderably higher than those of their respective solutions.

The titration curves ghow that there 1s a definite chemical neutrali—
zation reaction between the phenolic type resins end acid end alkali, re—
spectively. The amount of acid or acid-generating catalysts added to cure
this type of resinous adhesive at rocm temperatures is generally greater
thean the neutral equivalent of the resin. Since this additional acid 1e
not destroyed or is only loosely bound to the resin, it 1s free to cause
deterloration of the materials in the structure.

The flexural strengthz of the unsged panels made with the resorcinol—
formaldehyde resin (table IX) did not undergo a significent decrease with
increasing acidity of the resin sclution. However, the oven-fog-aging
conditlions brought ebout a substantial reduction in strength which cor—
related with decrease in pH. Thue, althcugh the pH of the unsged panels
In many instances appeered tc be beyond the critical acld range, the acild
which had been absorbed by ths resin was available to bring about dete—
rioration of the panel under the asging ccnditicns (fig. 8). The strong
acids, such as hydrochloric, nitric, and sulfuric scids, had only slightly
more deteriorating actlon than the weaker types, such as nitranilic and
hypophosphorous acide (fig. 9).

An gttempt was made to treat & phencl-formsldehyde resin, Casccphen
LT-67, with the seme series of acids used in the experiments with the
rescreinocl-formaldehyde resin. Hcwever, in the presence cf hydrcehloric,
nitrie, sulfuric, phosphcric, and nitranilic acids, the resin precipitated
frcem solutions.

The results obtained with the weaker acids (teble X ard figs. 3, 4,
10, snd 11) were ccmparable to those obtained with these same acids added
tc the resorcincl resin., When hypophosphorous acld wes added to the res—
in solution in smounts sufficient to lower the pH of the plywocd panel
prepared with 1t to 2.2, & ccnsidereble decrease in flexural strength
occurred in the cven—fog-eging tests. A similsr effect was observed
with another phenol—formaldehyde reein, Durez 120k1l. It is noteworthy
that the flexural strengths of the uraeged panels prepared with the phenol-
formaldehyds resins wers, in general, elightly higher then those of the
resorcinol—formaldehyde panels.

The Cascophen LT-67 resin was also treated with various amounts of
sodium hydroxide, a strong base. No evidence of significant deterioration
in strength of the unaged plywocd by relatively laerge emcunts of the al—
kali was noted. However, there was soms decrease in strength when the
plywood was expcged to oven—fog—aging conditicns. The decrease In
strength correlated with increase in pE from an initial value of 6.k for
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the aged panel without added slkall to 8.2 for the aged panel with the
greatest amcunt of added alkall. Attempts were masds to cure urea—
formaldehyde resin adheslves at high pH velues by the addltlion of alkell
but were unsuccessful.

In general, the results shown in table XI and figures 12 and 13 for
tests made with various commercisl cabalysts and resins show a correlation
between the strength of the plywood and the pH of the unaged panels. The
pH of the resin films prepared with these commercisl resins, using the
recommended emounts of the catalysts, were all less than 2.0 and it was
not possible to predict from these values what the pE of the plywocd panel
would be. This is shown graphically in figure 13; simller graphs cen be
plotted from the other date in table XTI, '

Effect of Aclds and Bases on Wood

The merked decrease in strength of the unaged plywood panels which
resulted generally throughout the experiments reported herein when the
pH of the panels was lowered by acid catalysts indicatved that the wood
wag being attacked by the acids., The data in teble XII and figure 14 in-—
dlcates that both pH and catalyst radical have a part in this breakdown.
Bydrochloric, benzenesulfonic, nitric, end sulfuric acids had the most
pronounced deterlorating effect on the birch wood. Nitranilic and
hypophosphorous acids had considerably less debteriorating action on the
wood. This is particularly evident frcm & comparison of sitrengths for
the blrch veneers treated with the respective acids to produce pH con—
ditions in the range 2.1 to 2.4. A marked decrease in strength occurred
in every came when the pH of the birch vensers was lowered below pH 2.0
by treatment with the respective acide, The wood had a strong buffering
action against alkalies. However, e pronounced decrease in sitrength
occurred when the pH of the wood was raised to 8.8 by absorption of
tetraethanolammonivwm hydroxide.

CONCIUSIONS

The flexural, impact, end shear strengths, both initially and after
agling, of ureas and phenolic resin~bonded birch plywoods are definitely
affected by the pH. In the acid range, the lower the pH of the plywood
panel, the poorer is the strength of the panel and its resistance to
aging. The lower critical pH value, below which cptimum strengths are
not obtained and deterioration upon aging becomes apprecisble, is ap—
proximately 4 for ures resin-bonded plywoods and 3.5 for phenolic resin—
bonded plywoods.
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The decrease in strength on aging of birch plywocd bonded with a
phenclic resin catalyzed with a strcng alkall (sodium hydrexide) corre-
lated with incresse in pH of the plywood. The upper critical pE values,
above which optimum’ strengths are not cbtuined and deterieraticn wpon
aging beccmes apprecieble, eppears tc be in the neighborhcod of 8 for
phenolic resins; the valve for urea reein—bended plywoods was not estab--
lished because the resains would not curs at ths high pH values.

The delemination of birch vylywoods made with ursa—formalishydle resins
1s affected by the pH; .1n ths acid range, the lower the pH, the fewor cy--
ocles required for delamination to oceur, The delamingtior of birch ply—
wonds made with phenolic resin is not afisctod by the pH; when the pH is
less than 3.1, the materials ars not sc fiexible as thrcse with pH values=
of 3.6 or more. In l—year rocf-eging tests delamination occurred cnly iIn
the case of plywood bonded with casein and with ures-Tormaldehyde resines
cogtaining acld catelyats which reduced the pE of the uvnaged panel to
3.4 or lsss,

At e given pH, strong acide, such as hydrochleoric, nitric, and
sulfuric acids, haed only slightly greater deteriorating action on res—
orcinol-formaldehyds resin-bonded birch plywood than 41d the wesker types,
such as hypephosphorous and nitranilic acids.

The pH values of the birch plywoods made with various resins ares not
merkedly changed by moderate heating (LO hr at 80° ¢), by exposure to
cycles of heat and fog or by exposure outdoors for 1 year.

Both pH and the nature of the acild rsdical have an effect on the
deterioration of birch wood by acids. At a given pH weak acide have
conslderably less deterlorating action on the wood tnen do strong acids.
A pronounced decrease in strength of bireh wood occurred when the pH of
birch wood was raised to 8.8 by ebsorpiion of tetraethanolarmonium
hydroxide.,

National Bureau of Standards,
Washington, D, C., August 30, 194¢.



NACA TH No. 1161 15

REFERENCES

Rinker, R. C., Relnhart, ¥. W., anrd Kline, G. M.: Effect of pH on
Strength of Resin Bonds. Wartime Rep. W-46 (orginally issued as
HACA ARR, Oct. 1943).

Campbell, W. G.: Chemical Factors Involved in the Gluing of Wood
with Cold-Setting Urea-Formaldehyde Resins. dJour. Scc. Chem,
Ind., vol. 61, 1942, pp. 161-162.

Campbell, W. G., and Packman, D. F.: Chemlical Factors Involved in
the Gluing of Wood with Cocld-Setting Urea-Formsldehyde Resins,
Second Rep. Effects Induced by Cold-Setting Urea-Formsldehyde
Glues on the Physical Properties of Wood in Wood-Glue Composites.
M.A.P. Sci. Tech., Memo. No. 11/43-F.P. 5, 1943,

Camnbell, W. G., and Bryant, S. A.: Chemlical Factors Involved in
the Gluing of Wood wilth Cold-Setting Ures Formaldehyde (U/F)
Reging. Third Rep. A Consideration of the Causes of the Decline
in Pailing Load of Gap Joints during Prolonged Storage under Con-
trolled Conditions. M.A.P. Sci. Tech. Memo. No. 9/44-F.P. 16,
RIS, 9, 1944,

Wangaard, F. F.: Summary of Information on the Dursbility of Alr-
craft Glues. Forest Prod. Iab. Rep. No. Mimeo. 1530, May 1944.

Anon,: Synthetic-Resin Glues. Forest Prod. Lab. Rep. No. Mimeo.
1336, April 1945 (rev.).

Dowling, Arthur P,: The Significance of pH in Glued Wood Joints.
Naval Alr Mat. Center Rep. No. TED NAM 2583, pt. V, June 21,
1944.



As

Q.

9'[

¥,

TAPLE I,-DESCRIPTION OF HESTES AP0 RESYA-BONDED BTRCH PANELY

Resin
Con?nt
»;
Conmarotal Catalyet beasity, Pamite, -—:mﬁm;nﬁg:’:
Gesignation of Added to Clanui- t Tima Avers & Resin ven~ Ovea-Ffop- Rool~
Uree-Forxnaldshyds Rosins
Oforcite ¥ Resinovn Produsts mmd Chendcal Oo. 10% Amxonium Chloyide R Boon 2100 0.91 ; 1.2 1.9 — —_—
Tforelts ¥ Reslnons Produots rnd Chamicnl Oo. 10% "Z* ;] Toon o100 0.91 1. 2.0 a1 —_—
Ufqreite h Roainous Products and Chemical Co. 10% "y ] Rocn 100 0. 1.3 2.k 8 —-
Tlasken £0i-2 Flamkon D1v,, Litbey-Owens-Furd Olssa Co, 2% A R Foon 900 0.93 ; 2 1.2 & 1.9
nsog % Casein Company of hmerieca 5L raA R Room 100 1.02 § N & 51 —
Flaskoh 260-2 Flaskon Div,, Libbey-Owsne-Ford Olass Co. Thooroorsted rith reein R Roow 100 0.84 4 4 N1 - a.a
Flaskog 1 Plaskon Div,, Litbey-Owsns-Ford (lass Co. 74 B-7 ¥ 0e 0. %1 .0 £ .0 -E
Uformite Resinous Prodncts md Chesionl 0o- K ﬁ 801 o 7.8 . z [
Casco § {beealn Company of Amerion Jone s ng 0. ;g ;; E B 3-2
Uformite k30 Raatuotes Froduots and Qbewlonl Oo, Yone H 300 o 1.00 5 , . b6 3.
Tres=Renoroinol-Foranldshyds Ranins
THormi ta Raminous Produots wpd Ghemical Co, 0. ¥ 1 100 . N 1 b, &, 0
PI:lbn '(3%22 Plasion Div., I.Rb.y-bnujf‘aﬂ Olaas Co. m mler AL N nr]:.g 3:88 D.gz ;E E.a E.G 4.2 'I.Z t.l
Phanol~Foroeldehyds Resins
Tures 12041 Durer Plastiot aod Chemiodls, Ino, | 1 #5100 0. 1.4 1.8 1.8 1.9 2.
Durer 1ik27 Durex Fiastios snd Ghomionls, Ino. 10k e ¥ 1 2100 4 }f‘ S o S S S 3
Catabond 590 Oatalin Corp. 114 hlorio mola {278%) X 1?053 E:Igg 0.50 H 1.6 1.7 2.0 2.3 3.1
Gatabond ROO CT. Catalin Gorp. 114 Myircohloric mo1d {278%) L § n]:.o- :t:g 0.91 3 1.6 1.8 2.1 2.4 £.8
1]
Bakelite XIC-3931 Bakelite Oorp. % XX-2997 ¥ ngg.: a_e;% 0,90 1n 1.9 ?.1 7.t 3.0 1.5
m.ut. xo-um Bakslite Corp. M-1175 R Room 4100 0.8 1.8 2.3 . T, .
Oatalin Oonr;p 'E‘u ! [ ;gg 0130 0. g N 2.5 3.1 }Z ;E
B-.hute { Beknlita Corp. Tone H L H . R . . o7 .g .
numun x0- 0?9 mmcahutumﬂorp. None g ;33 01 3§ g. E 3 z.z 5.7 z
B H . ) . - . -
Oasain rpm of imerica Igrl!-ls b 1 2&1 0. '.'.g 6.k 6.2 o2 E-q
Dure m Turez Flastics snd Mhemimals, Ine. Tono X {gg 01 [ . ;.o 5.0 E.0 Ny
Bekelite m—lm Bakslits Corp. 15% BO=17545 b 2k 0. N g — i3 —
'l‘eg Tilm Reninows Froduoss and Chewioml Oo, Nene )i | ;%E 0:10 [N ] 20 z & -— -_— b
Jwberlite PR-13% Resinous Products and Chemical Co, Incozvorated with resln B 0:1e 0.65 23 . 8.k 8.3 8.0 6.2
Resoroinol-Fozmaldshyds Realns
Durez 12450 Durse Flastics wnd Chewleals, Ino. Formeldohyds (37€) R Roou 2100 0,81 ﬁ 5.; k.8 8.2 - A9
Pepncolite 0-11 vanis Ooal Prodwota 0o, 0-1131 B ] Rotn e 100 0,8 . 8.1 I . 8.1
Bakelite X0-1 Bakslits Oorp. IX-17618 X 1! 00 8, 2] u.g §.8 —_— f —_
Azbarlite PR~ Resinooa Produeis and Oheslesl 0o, P—;{B ¥ 1 24100 N [N Az ——— 4.8 —
Paosoolite G-11p% Penuaylvania Coal Prodvots Oa. m 0 éa..n R Rexom 2130 0.9% 7.0 vl 6.2 E.! k5
Durite 8-3026 Durits Flastios, Inc. . R Room 00 0.86 7.5 .5 — ] —
Fhencl-Resoreinal-Formnldahyde Resins
Dursx 12533 Durez Plasites and Chewlcals, Ima. 1004 1258 B 7 N 150 24100 0.5% 38 6.6 5.1 5.5 5.3 5.0
Furans Resinn
Reain Y Plastios Ingmetrien Tochnical Inntituts 5% Z=14 | Hoow 24100 1.00 o 1.7 2.2 —_— 2.3 2.6
Oaseln Gluce
Alveraft Joiny P Clue  Cwseim Compeny of America Rone B Toom 200 0.88 b ] 12.0 8. 7.4 8.0 —
Polyoerizstion Resins
Lamiras Mmerioan Cysnsadd Oo. 1% Berroyl Peroxide R ? 8.' 0 0.83 6 2.4 B.T 3.9 3.4 3.4
Lesinso Amsrioan Cysnamid Oo. 1% lacroyl Peroxids R g: .81 & .8 %0 1o LN 5
¥R-1}-4P Mareo Chemioml Ou. penzoyl Parocxids H 4 1. 41 2 3.7 3. 2. -5
MR-1p-B1 ¥Yarco Chemical gmm Paraxids ] g 2100 1.§ ;”g R 3.2 3. ?-Z -5
Plaskon 900 Plaskon Riv., mbhr-Oun-brd Glans Co, Banroyl Poroxide '] ial,) 2100 0, .3 3.8 - A —
OA-39 Pittsturgh Flete Class Co, 5% Bamroyl Pezoxide " 72:00 1.2 51 5.1 3.9 2.7 2.7 3.0

T91T °*ON NI VOVN

wired to cure ths resin. Olres R inoludes those which
topporeturs Above rotm temperwture but wot
160“l' t0 cure.

=, The rasias are clursified scvording to the temparmture req
ours kly st room tsgparsture. Class N inoludes those walch require s
o cure, Claan ¥ inclindas those which Teonire n tespersture l.bo




NACA TN No. 1181
TABLE II.-EFFECT QF THE OVEN-FOG AND SUNLAMP-FOG AGING TESTS (240 HOURS)
ON THE FLEXURAL STRENGTH OF RESIN-BCNDED BIRCH PLYWOOD PANELS

Oven-Fog-Aged Sunlamp-Fog-Aged

Panel Panel
Commercial Unaged Panel Loss Loss
Deslignation Cagaéyst lexural Flexural Due to Flexural Eue %o
of Added to Average Streng Streng Aging Streng ging
Resin Resin IH - (lb[inE? (1b4;n§3 (%) (lb/lnE? (%)
Baekelite None 4.8 27,600 22,200 19.6 21,900 20.6
XC-11749
do. 45% 3.1 20,500 16,300 18.0 15,300 25.4
XX-11753
gggabond None 3.9 28,100 21,700 22.8 22,100 21.4
éo. 11% 1.8 15,600 10,800 30.8 11, 00C 29.5
Hydro-
chloxrlic
acid (27.8%)
gformite None 6.7 23,000 19,100 17.0 18,600 19.1
Q0
do. 10% 1.5 14,800 7,900 46.6 6,700 54.7
Ammonium
chloride

TABLE III.-CHANGES IN STRENGTH PROPERTIES OF BIRMH PLYWOODS CAUSED BY VARIOUS AGING METHODS

Change for Panels Bonded with
Urea~Formaldehyde Resin
(Uformite 430 with 10% Ammonium

Chloride Catalyst

Change for Panels Bonded with
Phenolic Resin (Tego F1

Oven-Fog- oof-Aged Oven~Fog~ oof-Aged
Oven-Aged Aged 6 months Oven-Aged AEed months
Propertv (%) 1) ) (%} %) (%)

Tensile strength

Panel A 0 + é + 7 ~14 -21 +19

Penel B + 7 + -11 -22 - =42
Flexural strength

Panel A -6 -1 -7 -15 ~41 -53

Panel B -12 + 3 -5 -10 -51 -72
Secant flexural modulus of elasticity (0 to 2500 1b/in.2)

Panel A -25 +12 -2 -15 0 -18

Panel B -1 +17 -1 -25 0 -2
Izod impaot s*rength, flatwise

Panel A +36 +14 -26 -18 -38 -20

Panel B 0 -28 +38 -10 -27 +10
Izod impact strength, edgewise

Panel 4 +17 -7 +17 -38 -50 + &

Panel B =11 -18 -18 =15 -6 +80
Shear strength

Panel A +11 -k6 =33 -5 -50 -5

Panel B -3 +70 -25 +5 -38 -—

17



TANE YV.-EFFECT OF CATAUTOT AFD pit ON FLETERAL SIRCAGTH CF BESTR-NNDLD JIRON PLYWIOD

Cowmereinl Dasipaation Cotalyst Jdled Clrass~
—ethonin o M Nely, .

4. Urea-Totwaldchyds Ramina

i K] . 18, W0=1¢, =16 R0 B,E0w9 000 16 ~Ak " H00-6
5::[\: 5 %‘E‘u B ,’.ﬁ ikﬁ g:mi::% i n:}: :&ﬁ'g 3 1P % Z.m— 200 1p - ".w 2,800-6, Pt0 ..5 &
Hormite I- 3 2. }3, 1R, 11. 1e 13,500 lﬁ 11 ~1p 1», L5004, %0 1L n —— - —
Flasbm 201-2 2 o r - 400 16,900-19,806 18 11,200 f&: 12 o 1% u.g—g. 1 =18 10,50  8,500-11,600 1 A3
Catictd § LUl R m,g 18, #00-22, 12 B é 19. n =1 2 ,xg 1¢,200-P0, 1z - a — - -
. Plasten §50-2 vorated with reata B & g 17,100-29, 12 . 12 -1z 15, 1?'“5'3!' 1 - :3, 840011400 12 =4
Pleskon i'; =7 ] N ,% 15,@4_&;.:«1 ®m, m m-zl, 12 :2 17,200  16,0C0-£0, ﬁ - B , 200.11, 1
Tomin |+ H £ i 13 1 Bie Boma {g 5. Ho 1};’@';3'1733 = et gl i -
Tormis b0 Fome H BOORR ORBESR % OBS BEm ¥ iR - R e : ' BiSy
B, Urae-Bescrrimel-¥ermliohyde
S B Ll Lol i it 4 20,800 1A ’ 1 ko3 o
g 1 L e S o R S <0 i (e S - T xR we Wetem B W
0. Poennl~Forseldekyde
u 1 10,100+18 12 - &0 i ®»
B 1 i ] M RZURBS : smUmRE R 3 UBIBNE P X 48 imus i
Pmtabond 1 acdd lg'ﬂ [] 1.7 10,400 B00-1F, 12 11,100 o .% w {; , 300 /,"o0-1), 1 :& '%33 » s ®
11% 20 axdd (21,8 ¥ 1.8 11,0 ; i 1z.mo 1r + 9,800  7,000-12, 5 o ' 00 1 - -]
Hekelite lc.g,u” It ¥ 2, 11.& ;5001 % 1 16,700 .suo-rn. 1p :f 1,600 e - g.m ' = 12 Mo
Brjalite YO 3631 ] M, ?3 no-19, pb1d “'m u,&g,!m 14 .g .ml ' 1{-? - 800 (Hrgto-1, 00 g I
Pereiin T oot L ? e E&g' 3 w2 }.i 3 oo Fmm : " % itearso T
Woralisg T4t Rooe ] zf e P2l100-% 00 3 g:vm m:g #a 2,20 H.E?‘.ﬁ 1 -ﬁ '1% 12,700-15,060 ;g
Oatabond $000L l:r H X M000 Pl m 1 'ﬂ a 1l ¥ R. 13. g.g 1 : 11, 15, %0014, 600 F
1 CANOwohsa WT-67 (81} ¥ 6. 1,900 11, 200 E' WPOOF L0 18 # 1900 19,100-2%, 13,900 1,1’“1.5.200 12 :H
O Dursr 1200 q X ™, S LTN-30,M0 15 + im  o,gpo-2n, ;g -+ ip80 pe-.ee 1
hnl}rnu-lm oI H Z§ e :1 233'51' E 17,900  16,000-19 I = e 35 . [ a1 15,0000 1k, ﬂ:m ey A
1ite PN Tnoarvorated rith reatn X Fy ik i 1 R x oo-ls'% 15 3 ik Biloale 1 4 AR -1z
Illnnuol-lumldn‘h:d- Fosine 9
Formaldal . 12 by 15,500-18 ] 10, ] -
l’llnnlﬂ. G-u;g!m H b'g ;}:m j’ E:}g i 19 nbo-ton w2 e J:% :ﬁa:m £ 1!',% g: ¥ § ﬁ'—l
Ervod  ga EOf O EREBER N - = 0 I §EfEfE f 1 fm apm & BH
: " | 2, -~ a poyngere) 200 E 000 :lm. X 1,100 ) ¥
Darive 5-'}& %‘ R 53 E:E }E Redon § 0 2aw aiea z s 36,rocd0 ¥ € 17m  gseinse  » -393
. Fhemo} Reains
Dures LPS33 100§ 195%D x 5l £2,300 71,100-23 b1 1,500  F1,M00-25,000 12 3 0,500 20,000-¥3,000 1# -5 10,700  $,Mp0-12,800 1P b
F. Forms Senins
Bewis X =312 ® 2.2 17,100 1%, 800-30,000 36 - — —_ —_ 16,400  12,700-20,800 % -5 8,500  7,00010,800 3 .50
G. Ousain Tlwes
AdToreft Jotut P Tlee  Bovs n Ak 1,100  IN,A00-20,100 3@ 0,0 18,300-23,600 1% ¥ 27,800 12,700-18,600 1P -5 [ — — -~

F. Ussntursted Polysatss Bovina

¥l X K N u. 19,800 1P, i 1 "5 ﬂ"“" u,g:n.m 1z +15 1500 i.loo-m.g n 5
pr—rt] Leureyl Pexoride x H,E 1 19, b1 ,m,ﬁ 1% . 1z, P00-19, 8% I.E :1 Egg g-m, =!
%{E i bekery ; = ,ﬁ } E:E giﬁ:ﬁ F _53 T% ﬂ:g:éiﬁ ;a et i a0 1%
g ettty 5 ] e m60  P0,500-26,70 15 * Rim Ameeme 05 0.4 A 550

Aally s shat smly 17 op ward d af 30 a8 plecied,




61

Ja

L

a.

Coserarcinl Desionation Catalyst Added
of Sogin

foheln

Tres-Forunldshyds Resins
Urormits & 1

o E o0t ;\rﬂi\u Chlopide
Dforml ta "
Flaskon ] :g "

! Iul
Plashen ?—I rpozetod with resdn
!.‘!5.:=L'.=1% “-2'-?

e

[ 1] ?
Woratie A% Reme
Trea~-Pracrcinal-Forusldedyds Rasics

5 ST

Fransi-Formaléshpds Neslaw

Dures 1

hv: 1 "

Cat wvons lﬂ )

Sitatand B0 !L‘l aa.d L4

Bekellts XO- hp m-

Bakrlite E !m

I

Cnbecomes. V47 o

Duxea 1%l Tt

Teps Filn Incorvoretsd -1tk resic
Uite PRk Lnosroers Wd wit resir

howhql.—h:ulkh;u Tl g

Dures 1rvg0

Feoolin euse A el T Y
Fhenol-Resozcisvl-Farmldehyde Resine

Oures 125733 100% 1753

Cosesn (e

Mroraft Joint * Tlue Tena

Polymerirstion Nosim

Laminac
Laarinac
s
[~ &

l‘ Benrayl Fazoxide
hi:nrl Puroxide
Peroxids

I
Iﬂﬂylhnxul

Mawsi-
Lgation

LU LELEEL R = K T W

o
= a

Tonred
Iaxel.

bttt b id ol
) MO e

nm
- e
o

P O Il e
4R O BFENAOATY T -~ G Ca B

T
o
-

5.1

TAME Y.-UFTRCT OF CATALYAT AND p ON HE INPACT STRYNOTN OF WEYIRONDED RINCR PLYWOOD

. WL
20 LA 14 LiLE
28 1 LA gL
2.0 L2, 13 1iLs
= 1 . 1 1.6-B.
B2 2 M L.
gr La2a 1.6 L5108
24 2611 1 8.4 np-23 18
:DE f-al: l; iﬂ ;-‘f ;.’-.3 ﬁ
I % .3 it e S XY |

0
x
o

i
5
.IE
M
oy

bkl
¥
um
N

I
o
Shon

il Bk
g: Lk 57 tee
P, ' L 1
2,

1Ix

AR RRS o
Ptonar
"
o ot
LA LLEL
RaSchRERaanmon

oy
2 DY

FERTPITRY
_muum
D TN il

ey

¥
Loy
-
A3
-
ol
:“U‘
o
oy
A
alhead
s
o

3.5 J.bN6 6 2.3 1.9-p.8 1
.8 M6 [ 59 ek é
5 pphE o %O %LEAD 18
G B W e ¥
58 38w i b T s T4

§§

2 Eloa

BLLIsE 8 oo Re

5

-~z

W

o
EETETN

RakhoRERRnnaeon

L

RRERR

WS N I N D

R A NN

r
had

£
~rs

B3

BEERdel ol t

OwA

Ro ok RER oo men

L)

1

SERER

saieslol 14

ks
OR NI VOVK

whkbbakly

&I
T9TT

akkik

L]




TANLX VI, WFPICT DF CATALYST AYD pll O THE SWEAR STREWOTE OF RESTE FOWDED NIACN FLYWOD

§

Comnercial Dealgaation Catalymt idded Clani~
——tl Beein —R. LY Ll

K. Wrea-Formpldshyds Rasins

g
g
i
:
:
B
:
it
b
B
i
n

TSIT *OK KI VOVK

Ulermibe & 108 jmmcuica ChloTide " L9 270 tlo-sso z % A -5 X 1P01 z =l P00 150-720 ?
THormite § 106 "t R .0 0 a‘g l =1 ;E 280- ~33 v —— -
Bformire W 14 » 7. 2& 70 - 0 -28 v —_— -
PFlanken 2 [ s B L] N3 6 E —_— 1 «~11 270 -5 ] 500640 [ -13
Casow § 5wz R it % 305 — 1 +17 +g b — - s
Flaaten t B Incornargtad with rsaln K & e, 1 4 — - —— — -1 ) b ~29
Fisshe | ™7 ] W8 ™0 Ge-gon B a4 — - — &0 — 1 - ﬁ 1 -27
i H - *0  S40-010 [ 4 — - — 710 650-TED I S 4 — - ——
Casco L Toum | .2 q — - 4 — - -— 4 -— - — 4 — - —
Tarmite 30 [ n » 2 -8 1 %0 — L —— d — - - a — - —_—
B, Urea-Resorsisel-Perwldqhyds Aseims
ot LY ] . [T — - — & — 1 11 5005 2 -
Fiieron Ton-2 o S S He e 8 m = i 3 @ = 1 = b e - 2
¢ Phnol-Tormaldednds Reaime
re g 1 - I ! = I = i = - = $ = 1 =
8 ] 11% Bl woid n.'la I 1.3 d —_ - d — - — d — - — & — - ——
Pt Corm X st H L o = i & w7 i =  : = § - =
Bekelite m-nan L1793 2 'i % ﬂt‘m ? ;3 -— 1 at - 1 a5 1 - z —_
Ostabond g || s: 0o 3 d —— - — — 1 * d —— - —
Bakalite r Wpa H . q r—— 4 yio km } — o gg:m g -— i — - —
Bakalite KL~ éFv Bene X z.g E§ m:w » b0 =7 150 ] d P - -_
Catgbond 200 e 1 . 0 4 — - — a — - —_ K — - —_—
Consngtan LT-6T : w18 x (s ] 5 ag 710 g + z ;- ] d —_— - _—
T Flﬁu Innerporated with resin : i'n Rg -] lzn.-_r,: & “}g % %Eg lF 1-;% gd ..o;._ M 3
e PA-1% twgmd vith ranin B a:s 70 Eﬁm ] ? — - —_ 1323 5 =5 538 ”o-?;g 3 -22
3, Resoroimol-Formldekypls Medina
Durex 18490 fernaldehyds . 6 7, . - (17 - [3 ~1¥
Lok VP Fuio oL S ¥ moRR S B oW : 3 % PR 3 el A A
I Mrepal-R 1o Tormaldchyse Meslns
Dures 12573 1001 17583 ] 5.1 ™0  Tl0-810 é 0 — b + ™ GN-T00 3 -7 d — - —m
¥, Casqta Nus
ATersit Jaint P Clud Mne ) (2] M K0k 6 560 — - * 550 hx-ih0 § - b — - -—
0. Wlymirizeiden Witlne
Lani xide B +* 0! - ]
i e B B g F & Bom® o o3 o§ mml 3
17%-A2 Braxovl Perorids " l +5 r; 0 _.2 4 — - —
m-;;-n Bamrorl Persrids ] ;'. g T0- 5 a 0 ; [ —— - —
[- 3 Benaoyl Fevoride L] =] an T 3 -5 E70-930 6 d — - w——

v AT b ak e
shaer atrangth.

b, Pamale Aalsaisated during exposurs OR roofs

Gy Panale axpescd for only 6 months.

4. ALl speciscns broks in tanslos mther than shasr.




NACA TN No. 1161

TABLE VII.~-EFJEOT OF CATALYSBTS AFD pH OF THE DELAMINATION OF RESIN-BONDED BIRCKR PLYWOOD

Condi gion of Spacimen

Commercial Catalyst H of ven-Fog- of=
Designation of Added to OClassi- Gnmd ven- Aged Aged
ip Ragin fication  Panel __In:t. —Panel = _Papel

Urea-Formeldehyds Resins

D.

E.

G.

Uformite h;g 1& Ammoniwa Chloride R 1.9

Ufornite 4 10% sz R 2.9 o1 D2 (1 DR

Tfomite 4 10% sy R R b(1 D{2 it DR

Plaskon 20i-2 uA8 R .2 D g (L b3 D(1)

Casoco 5 AR R .2 D D2 D(? DR

ﬁu:gn 2 9,-2 I:_;;esrggnted with resin % £ g s g lt g § g {
askon . 2

Cformite 500 None R . WD;¥(5) D; P(5) WD F(5) pi{=

Ganco 2 ¥one :1 . 8051;;7( ; D(%) D(}) (i

Uformite 430 ¥one B . 8D(1);r E 8D(1);7(5) 8D(1);r(5) DS

Urea-Resorcinol-Formaldehyde Rasins

Uformite Q-107; 0.7% Q-87 ¥ .1 ¥D; u; mr (s

Plaskon 750-2 164 Uoditier x 2t mérfgg ¥D; f?? mfrg; nssg

Phenol-Formaldehyde Rasirns

Durez 12041 b1 29 ¢ 1.8 ¥D;B ¥D;B ¥D;B XD; B(5

Durez 11527 b1 22 X 1.8 ;B XD;B ¥D;B ¥D; B(§

Catabond 590 11% Hydrochloric soid {e eg; H 17 i m:B % ¥D;B E mD; B(E

Catabond 02 1) Ht‘grochlo:lo aold 2%! u 1. ¥D; B XD;B XD;B ¥D;B

Bskelite X0-2931 299 ¥ 2.7 ND;B ND;B ¥D;B 2 %D;B

Catabond 2501 e 1192 X 3'% oir L BDIF ¥DiB(%

i el £ 9; None R . ;P w;¥{E HD;T? ¥D;B(E

Bakelite X0-11749 Eone B Eg ¥D; RD;F{E ;¥ ¥D;B(5

Catabond 200-C2 None ;4 . H 4 E WD; ¥ LS KD;B g

Cascophen LT-67 8% 118 u 6.4 ;; g ;T g ND;B ¥D;B

Durez 12041 Nonse B 2‘° nD; ¥D;F ¥D; ¥ ¥D;B(5

Tego Fils Incorporated with resin H 2

Axn'baruta PR-14 Incorporated with rosin -4 s.b XDF(5) WD;F(5) ¥D;F(5) D; B(S)

Resorcinol~Formaldehyde Resins

Durez 12490 30% I‘omnldehyde 31m) R k.8 BD;F(5 ¥D;F

Penacolite G-1124 25% o-1124 B T R 5.1 m:';rssg: nn:;{g; ;

Phenol~Resoroinol-Pormaldshyds Resins

Durez 12533 100% 12534 B ¥ 5.1 XD;¥(5) ¥D;7(5)

Casein Glues

Mroraft Joint P Glue Home R sl ll'D;:(s); m;;(_s);

Polymerization Resins

Laminac 1$ Benzoyl Peroxide H 7 SD({1 D{1);:F 0(1);F 8D(5);r

Laminac Leuroyl Peroxide B 24 sn 1;-1'{5; nu;r{;; sn{:. ;:EE% sDlalir

HR~17~-A2 Benzoyl Peroxide R 7 XD; ¥ WD;F(5 SD g Ha

MR-17-B1 éz Benzoyl Peroxide R 2.2 g *D;7 ED;F 8D{§);r

CR-3 Bangzoyl Peroxide H «3 HD;F m;P ¥D; 7 E 8D(5);r

AThe specimens were subjected to 5 oycles of immersicn
in bolling water and drying, desoribed on psge
Flgure in parenthesis refers to cyole in which obsetb
vation wse mede, Abbreviations are as follows:

D = delaminsted

80 = slightly deleminated

HD = no delamination

DR n~ deleminated during exposurs
trea::ent on roof

=
B - brizele
F = flexible -
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TABLS VEII.. EFFECT OF OATALYST AND pH ON FLEIURAL, INPACT, AND
SEEAR woin

Commercial Oatalyst
Dosigantion Added to
_zx.ﬂm - .
Urea-Formaldshyde
Utormite &
i ﬁgﬂw
1093 *z°
WH 0L
Cascn 5

Phonolio Resins
Catabond 590

Catabond 200-0%
Bakelite X0-117h9
Bakelite X0-7931

Durex 12081

=

VT aota (27.88)
gﬁa Bl acid (27.84)
w113

" xe-o907

168 e

STREFOTHS OF RESIN-BONDED RIRDW PL

Aol
ER81
&8t
LY

n oW % s = o®m R v
¥ ¥ % o oa & ® n @
8 m o m A & & @ 8 %
s ¥ om on B % mMo®
2 % % 3 8 R ®» ¥ m
8 m % WM % % W oM

a. Decreasa in str::ﬁth for the wmaged, oven- ’
owmdbrupm amhmmnpuwh,rumw vﬂh
is calonlated on the bacis of the strongth of th
maged, oven-aged, oven-fog-sged, and :oo!-agad

panels, respactively, made without catalyst.

b, Pancls delaninabed during exposure on roof.

o. Panels containd Ii:muwtnrﬂnummuumnr
1lyzod panels £ in tension rather than chear.
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TELE TX,~ IFTECT OF OATALYAT OM FLEYGRAL BYRENTE OF EIFON PLYNOOD BOWDED WITH A RIBGAOINOL-FORMALEDNYIE RESIN, PEMAOORITE U-I.I.Jl'

P
4

,Fé

x 100 P Resin i | S Fan .
Catalyat Mded W 0}!;:&:;:1!‘ . Pcm-l.,',’tr Y Bt Toria omped -r\::! el ] Boaui- Fver !:51':*1 = ]
t @ - Han
_:_"n.m__:ium‘l__m:'@tmnh_mm m"fnh_uu&l__n_ ﬂu&_{mﬁ_nwh _u.hl.uﬁ)_._n;:
Yora - 93 gl 73 65 61 55 7 19.100 17,606-2,600 36 19,30C  17,907%-70,500 36 11,100  10,200-12,000 3§
1Bl ORE XS g, pr} 600 15,
MrArnckloric sold X ;&’0 ) ‘l’i Ei b ;:E §; %::%E {:&'ﬁﬁm s,g }:ﬁ i Kﬁm g jo.300 zvzgs_o-ﬂ:m u
3 o:§ P S S o @ S v T 7 S Mm% B ieiom - o
Mo scld 1 0.38 .9 . L. N k. b 19,k00 n, 1, 16,400-19, 10, 200 £,500-12
4 o H oUW GEUEEE L IR IEER B OB mup
& 0.92 B o3 18 3 ;,2 e iz, ,ﬂ.‘f’d,m 15,000 1;.700- 17,200 L 600 1500~ 91700
Suifurie avdd 1 0.9 ghé L | LB k, 5l 3 s :i, ., 200 18,700 19,700 10,000 8,000-11,100
g e B Hod W o on e disek g 10 {Eﬁ g weo s ¥
73 o.g 2 (S ;.5 3k 15,080 1%,200-00}400 ﬁ,m nm.lg, %0 cmoaniie
Paosphorio acid 19 -3 £, Wy Le A hE gk 14,800  17,000-20,500 17,100-20, 09 10,
Broree #0 BB gy oHn gBEEIR L 0B EES L 2R umm
& 68 HP bl a3 W ed 1F meb ke B Whoabba > Jis-apte g
Rypophospho: 3 M , LS L% . 1 15,000-21, 18,800
T weld & 08.3 E.c J.." ?.2 i .‘._{ ;_? 131% 17.&:,?; s , ;ﬁ*ﬁ‘% § 10 !.&;ﬁm 3
1ha ';; ESC R S S i :ﬁ:m Haoe o 5% ;: st '-g:ggg ool A
. . u b, b 13,0  18,000-
Benmamendfonio sotd g 8_52 %% }'A e En (%] E}_ ig:a }i: 5% § ;ﬁ:m J.mm 113:% ;:;&_}.;:g 55
i3 bE OB - 3O N s YR E Bagieen 1 tErliam s
chlores . . g b . 1% 15, !
meew § OB OMOH B3 OBESESE BB UEEE Y im imie
6% o8 a5 vl Ik &g 7 Bl \7ou11; 100 1650 13,i00-16)300 1036 e 5
Niyranildo acid n 0.86 n, X [ NS L) 14,M00  13,400-71,100 'M.'m 15,400-21, %00 19,16)  9,000-11,600 36
. ; , . 15,60 1, M00-11,
30 O OB M HY BR EBIERE ] OB OMRER P MBS 3
Esdiom kyimride o 1.08 3.3 1.5 1L5 9.2 8.5 __ 19,200 15,9%-1,50 X 16,000 14,300-18,000 _— — -

& 411 panslo-prepared by praseisg &8 150°F for o% howss, umsng matsl bere T4 omm¥rel Yhlcknees.

. in strength for ths wnp ond oren-fop-aged pamals, respectively, ie caleulated
-ﬁmu the atrength sf o Nﬂnﬂomrnﬂrndimh Teapsctively, nﬂon&h-rt
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TANLE L. EFRECT OF AIXAL AW ASTOS OX FEEBCAIC MESTE-3ONDED PLYWOCD®
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NACA TN No.

1161

TABLE ZIL.-EFFLCT OF CATALYSTS ON FLEXURAL STRENGTH OF BIRCH VINTCERS 2

Flexursl Strenxth
olusion
Ho:n;lity ° a1 'At::r 6 a Ran go. of stt-ou 1:1:

o rigin (] POUN Avera, ge pecl- ren

——Oatadvst _  solutden  Sgiutien Bood. (bt _Qo/me) . ens L
Hydzochloric acid 1.0 0.12 0.03 1.2 z,aoo 8,600-12,800 10 Za .2
0.1 1.1 1.4 E 1 ,goo 13,000-16, 00 12 1;

0.01 2.0 ;.1 .2 18,100 18,800-14,%00 12 11.

Watar .5 o2 z 15,;00 17,190-20,000 12 &.8

Tntreated woodhk .0 20,500 19,100-22, 700 12 -—

Nitric acid 1.0 0.1 °'ﬁ1 1.6 12,{00 10,400-13,400 12 2.0
0.1 1.1 1. 2.4 17,100 1.6.100.15 400 12 19.3

0.01 2.0 g.h b2 20,400 1%,900-22, 700 12 3.%

Yater 5.5 <9 ga 20,700 18,900-22, 200 12 2.4

Untrested woo - 21, 19 100-22 900 12 -_—

Bulfuric acid 1.0 0.3 0. 1. 12, 10,700-13,400 12 38.2
0.1 1. 4 1.2“ 2.2 12.&33 15, 700-17,700 12 17.6

0.01 2. 3.1 4.9 19,200 17 £00-20, 800 12 3.5

Wator 5. 5.5 5.4 19, g 20,1400 12 3.0

Untreated wood 5.5 19,900 18 00-21 1600 1g -—

Phosphoric acld 3.0 0.8 0.88 1.8 15,000 Z 200-16 , 700 12 ag.o
0.3 1.6 1.3 2.4 1%,000 15,600-19,200 12 14.0

0.03 2.2 Z.z 4.1 18,600 15, 600-20 1oo 12 7.0

Yater 5.5 .0 A 15.283 14,800- 12 9.2

Untreated wood 5 20, 17, 600-23 hoo iz -—

RypophosphoTous acid 1.0 0.6 0.72 1. 14,700 12,900-16,900 12 28.3
® 0.1 1.g 1.Z e.g 19, 360 17,400-20,400 12 5.9
0.01 2. 3.1 4.0 19,500 1%,900-20, 700 12 2.2

Water 5.5 5.2 5.7 9, 800 15,100-20, 00 12 3.

Untreated wood 4.9 20,500 19,500-21,200 12 -

Bengenesulfonic acid 1.0 0.1 0.18 1.1 10,400 9,600-11,300 12 49.0
0.1 1.1 1.2 2.1 16,100 12 1900-17, 800 12 21.1

0.01 2.0 E .8 18,900 $00-20, 12 7.4

Yater 2.5 . .0 18,300 17,300-21, 000 12 7.8

Untreated woo .9 20,400 18,500-22, 700 12 —_

Trichloroacetio acid 1.1 0.1 2.56 1. 14,000 12 400-1 12 27.
0.11 1.2 1.? 2.§ 17,100 600-13 l’ioo 12 1ZE

0.01 2.1 2.7 h,2 17,300 400-19,100 12 10.4

Yater 5.9 5.0 5.2 15,200 ,500-20, 200 12 5.7

Untreated wood E.3 19,300 17 21,400 12 -—

Hitranilic aoid 1.0 0.lk2 0.30 1.8 16,600 2 200-17.500 12 19.%
0.2 1.0 1.6 2.4 18,300 1 19'3—88 12 L7

0.02 1.9 2.7 3.8 1&,Egg 18,100-20 12 a.2

¥ater 5.5 5.0 5.3 19, 17, 700-20, 000 i2 5.5

Untreated wood 5.8 20,600 19,700-21,200 12 -

Sodium hydroxide 0.1 12.9 10.2 Z.o 20,200 18,700-22, 300 12 6.0
0.01 12.0 6.0 E 20,100 '17,900=-22, 12 6.5

Nater 5.8 5.0 Be 20,100 1%,%00-21, 700 12 6.5

Untreated wood 5.7 21,500 20,700=22, 12 -—

Tetraethanol 0.4 12.4 11.7 &.8 16,300 12,800-17,900 12 20.1
amronium 0.22 12.1 8.8 7.1 19,000 17,700-21,100 12 6.9
nydrozide ¥ater 5.6 5.0 5.1 20,100 1%,202-21,300 12 1.5
Untreated wood 5.5 20,400 18,900-22,%00 12 -—

2. A birch veneer of O.l-inch thickness was cut into the required number of
specimens for treatrent with a single catalyst. The specimens for lmmar-
sjion in eech concentration of the catalyst for 3 days were selected &0 as
to be representative of the whole veneer. Two similar seis of svecimens
from the same veneer were tested untreated and after lmmersion in dictilled
water for 3 days, respectively.

b. The percentage loes in flexural strength 18 calculated on the basis of the
strength of the untreated wood from the ssme veneer.
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NACA TN No. 1181 Fig. 3
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Figure 3.~ Titration of phenol and resorcinol resins with sodium hydroxide.
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Flexural strength, 1b/in®

NACA TN No. 11861

Fig. 5
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1£
0
7 / Xg
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2. Uformite 430 (o] Z
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6., Casco § . 8% "AAM

6. Plaskon 250-2 Incorporated

7. Plaskon 107 7% B-7

4¢ 8. Uformite 500 None
9. Casoco § None
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/ eUnagegs Pan;l
5000 Oven-Aged Pansl
U= 4 Oven-Fog-Aged Panel
<+ Roof-Aged Panel
2 —f~ -8 =5
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bonded wlith urea-formuldehyde resins.

Figure 5.- Effect of pH on flexural strength of biroch plywood




Fig. 6 NACA TN No. 118l
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Figure 6,.- Effect of pH on impact strength of biroh plywood
bonded with urea-formaldehyds resins.




NACA TN No. 1161

Shear stremgth, 1b/in?

Fig. 7
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Figure 7.- Effect of pH on shear strength of birch plywood
bonded with urea-formaldehyde resins.
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NACA TN No. 1181 Fig. 9

L]

=1

e

)
=
13

Charge in strength dus to catalyst, %
]
[ ]

-2

l. Hydrochlorle Acid

B, Nitrioc Aclad

3+ Sulfuric Acid

4., Phospharic Acid

5, Hypophnsphorous Acid
6. Benezenssulfonic Acid
7. Trichlorcacetic Acid
8, Nitranilic Acild

3 4 5 1]
pH of unaged panel

Figure 9.- Effect of various acld catalysts on flexural strength of oven-
fog-nged birch plywoed bonded with FPenscolite G-113],



Change in strength due to aging, ¥

Fig. 10

NACA TN No. 1161
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Figure 1l.-~ Zffect of various catalysts on flexural strength of oven-
fog-aged birch plywood bonded with Cascophen LT-67,
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Figure 1l.- Effect of various catalysts on flexural atrength of oven-
fog-aged birch plywood bonded with Cascophen LT-67.
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